Abstract: Conventional unsupported Lewis acids are more sensitive towards moisture rather than substrate resulting into deactivation of the catalyst and difficult to use in an anhydrous reaction. In the present work, deactivation of the conventional Lewis acids was strongly avoided by using hydrophobic polymer-supported Lewis acids (PSLAs). The obtained PSLAs were characterized by different techniques including surface area, particle size, thermostability, glass transition temperature, and morphology. Surface areas of PSLAs were in the range of 50-80 m 2 /g whereas particle sizes of polymer beads were in the range of 15-35 μm before and after polymer modification. Further, degradation of base polymer and PSLAs were in the range of 440-450 o C whereas glass transition temperature (T g ) of base polymer was upto 400 o C. However, T g was attenuated for polymer containing AlCl 3 and further for HgCl 2 . Importantly, leakage problem of the Lewis acids was eliminated due to strong co-ordinate bonding between polymer and catalyst.
INTRODUCTION
Over the past two decades, much attention has been paid on Lewis acids applications in an organic synthesis, functional group transformation, and activation of the catalyst [1,2]. Lewis acids used in Friedel-Craft alkylation and acylation are well-known. Friedel-Craft reaction using Lewis acid is very old method for the synthesis of C-C bond formation and is still attractive is available for anchoring the Lewis acids to polymer support. These methods have their own merits and demerits. Typically, catalysts must have the property of accelerating the reaction by 100 times than non-catalyzed reactions and side reactions must not compete with the desired product formation. Over the last few years, Lewis acids were used at various temperatures depending upon the reaction conditions [14] . For instance, Diels-Alder reaction requires high temperature ranging from 200-600 o C [15] . Therefore study of thermal stability of a base polymer and PSLAs are an important prior to use of the beaded polymer in solid-phase synthesis.
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Year 2016 | Volume 4 | Issue 1 | Page [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] In the past, Charles Friedel and James Crafts invented [16] the reaction to attach the substituent to the aromatic ring via electrophilic substitution reaction using unsupported (homogeneous) Lewis acid catalyst. Unsupported Lewis acids have greater affinity towards water or moisture over substrate resulting into deactivation of the catalyst. Due to this reason, unsupported Lewis acids are not only affecting the yield of the reaction but also produces side product. Consequently, hydrophobic, and reactive polymersupported catalyst was obtained for anhydrous reactions. Due to hydrophobicity of polymer support, catalysts can remain in anhydrated condition for a longer period. Over the last decade, researchers have widely studied the synthesis of polymer and polymer-supported catalysts with desired properties [17, 18] . The major problems associated with the polymer-supported Lewis acids is the less catalysts loading which significantly affects the yield of the reaction [19] and leakage of the catalysts during its application. Today, low loading of catalysts, reagent, substrate, and protecting groups is a major concern with solid support. As a consequence, highly reactive primary amine based poly(AA-co-DVB) was synthesized to obtain more loading of catalyst. Mostly, conventional (unsupported) Lewis acids are used in organic reactions which are difficult to separate after completion of reaction. Another problem associated with Lewis acid is that, unsupported Lewis acids can be used only once and discarded after use. To overcome both difficulties, recyclable polymer-supported Lewis acid was obtained which can be easily recovered by filtration and reused for number of cycles [20] . In the present work, hydrophobic and reactive polymer support was obtained to avoid aforementioned concerns. Further, recyclable polymers have potential application in different fields [21] .
Limura et al. [22, 23] reported the application of hydrophobic polymer-supported catalyst for hydrolysis of thioethers and in formation of C-C bond. In 2014, Sani et al. [24] discussed that, hydrophobic surface of solid support minimizes the deactivation of the catalyst due to water or trace amount of moisture. Most of the organic reactions are carried out in organic solvents such as ethanol, acetone, THF, diethyl ether, and chloroform. As a result, synthesis of polymer with high reactivity and greater hydrophobicity is an essential. To the best of our knowledge, reactive and hydrophobic poly(AAco-DVB) supported Lewis acids such as AlCl 3 /HgCl 2 have not been reported previously. Furthermore, properties such as surface area, average particle size, thermal analysis, and morphology of PSLAs were also evaluated. Overall, these hydrophobic PSLAs are industrially economical and environmentally benign.
EXPERIMENTAL

Materials
The following chemicals were used as received: Allylamine (99%, Spectrochem), divinylbenzene (85%, Aldrich), cyclohexanol (99%, Loba Chemie, Mumbai), ethanol (99.9%, Changshu Yangyuan Chemical, China), acetonitrile (99%, Spectrochem), 1,4-dioxane (99.9%, Loba Chemie), aluminium(III)chloride (≥98%, Merck), mercury(II)chloride (99.5%, Loba Chemie), 2,2'-azobisisobutyronitrile (99%, SAS Chemicals, Mumbai, India), and poly(vinylpyrrolidone) K90 powder (PVP, mol. wt.: 360,000, Fluka). 
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Suspension polymerization
An aqueous phase (1 wt%) was prepared by dissolving the protective colloid [poly(vinylpyrrolidone)] in deionised water. Then, organic phase was prepared by mixing a monomer (allylamine), crosslinker (divinylbenzene), an initiator (2,2'-azobisisobutyronitrile), and pore generating solvent (cyclohexanol) in a nitrogen atmosphere at room temperature. Synthesis of beaded polymer was conducted in a specially designed polymerization reactor equipped with a constant temperature water bath (thermostat), mechanical stirrer, reflux condenser, and a nitrogen gas inlet. Subsequently, an organic (discontinuous) phase was added to the reactor containing aqueous (continuous) phase under stirring speed at 500 rpm under a nitrogen atmosphere. The reaction temperature was raised to 70 o C and stirred for 3 h. Hereinafter, polymer beads were thoroughly washed with water, methanol, finally with acetone, and dried at 60 o C under reduced pressure. The polymer beads obtained by suspension polymerization
were further purified by a soxhlet extraction [25] . In the present work, different crosslink density (CLD) polymers were obtained. CLD defines the percent moles of crosslinking agent (divinylbenzene) with respect to monomer (allylamine). Feed composition of monomer-crosslinker and reaction conditions of poly(AA-co-DVB) synthesis in suspension polymerization is shown in Table 1 . Reaction conditions: Batch size -16 mL; Initiator -2,2'-azobisisobutyronitrile (2.5 mol%); stirring speed -500 rpm; reaction time -3 h; outer phase -H 2 O; protective colloid -poly(vinylpyrrolidone); concentration of protective colloid -1 wt%; porogen -cyclohexanol; porogen concentration -48 mL (monomer:porogen ratio, 1:3 v/v).
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Preparation of polymer-supported Lewis acid catalyst
Soxhlet purified polymers were used for modification with Lewis acids [26] . Poly(AA-co-DVB) having CLD of 5, 10, 15, 20, and 25% were used for modification with Lewis acids (AlCl 3 /HgCl 2 ). For this, Lewis acid (AlCl 3 , 5 g) was dissolved in 50 mL of ethanol and placed at room temperature for 2 days to obtain complete dissolution of Lewis acid. Then, poly(AA-co-DVB) of 5 to 25% CLD (2 g) were taken separately in a glass vial. To this, above Lewis acid solution (10 mL Lewis acid solution in ethanol) was added to each CLD polymer. These polymers were placed at ambient temperature for 2 days to obtain uniform modification of polymers. Subsequently, polymers were washed using ethanol for 3 -4 times to remove unreacted Lewis acid and polymers were dried at 70 o C under reduced pressure. Dried polymers were used for properties evaluation. Aforementioned procedure was also used to modify the polymer with HgCl 2 . Poly(AA-co-DVB) synthesized by suspension polymerization using a cyclohexanol was abbreviated as ADC whereas polymer modified using AlCl 3 and HgCl 2 was abbreviated as ADCA and ADCH, respectively. The synthesis of polymer by suspension polymerization and its plausible modification with Lewis acid is represented in 
Characterization
Polymers obtained by a suspension polymerization, purified by soxhlet extraction, and dried at 70 o C under reduced pressure were used for characterization. In the present work, base and modified polymers were characterizad by different techniques. FT-IR spectra were recorded on Perkin Elmer spectrometer to confirm the polymer synthesis by a model of spectrum GX. The samples were prepared after drying the polymers at 70 o C for 8 h. The surface area of polymers was measured using a surface area analyzer NOVA 2000e, Quantachrome. Average particle diameter was determined using an Accusizer 780 (model LE 2500-20) PSS.NICOMP, particle sizing system, Santa Barbara, California, USA. Amine content was determined by acetic anhydride in pyridine using a titrimetric method. Thermal stability (DTG) of polymer was evaluated using a simultaneous thermal analysis (STA, Perkin Elmer), while glass transition temperature was studied using a differential scanning calorimetry Q10 (Thermal analysis). Scanning electron microscopy was used to visualize an external morphology which was performed by Quanta 200-3D, dual beam ESEM microscope wherein thermionic emission tungsten filament was used as an electron source.
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RESULTS AND DISCUSSION
Fourier transform infra-red (FT-IR) spectroscopy
FT-IR is widely used technique to confirm polymer synthesis and its modification due to ease of handling, availability and inexpensiveness of the method. In this work, poly(allylamine-codivinylbenzene) was obtained by suspension polymerization and modified with Lewis acids (AlCl 3 /HgCl 2 ). These syntheses of polymers and its modification were confirmed by scanning the FT-IR spectra using KBr pellet (cm -1 ). FT-IR spectrum illustrated that, peak at 3367 assigned to primary amine in the polymer matrix. Moreover, peak at 2937, 1727, 1455, and 1250 corresponds to aliphatic -C-H str., ester functionality, methyl C-H asymm. bend., and C-O-C str., respectively. Further, 906 and 797 assigned to aromatic -C-H out-of-plane bending whereas disubstituted ring at para position assigned 
Surface area determination
Undoubtedly, polymer efficiency influences by various properties including surface area, reactivity, particle size, shape, and morphology of beaded polymers [29] [30] [31] . In the present work, cyclohexanol was used as a porogen to obtain porous polymer. Poly(allylamine-co-divinylbenzene) 
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Amine content determination
Functional group content determination is an accurate and widely used method to determine the polymer reactivity. However, this method allows the determining of functionality which are available for modification and not determine the buried functionality. Hydrophobic, poly(allylamine-codivinylbenzene) was synthesized by suspension polymerization from 5 to 25% CLD and polymer reactivity was evaluated by amine content determination using well-known acetic anhydride in pyridine method, titrimetrically [35] . It was observed that, theoretical amine content was 15.7, 14.3, 13.0, 12.0, and 11.2 mmol/g whereas observed amine content was 4.0, 3.1, 2.7, 2.2, and 1.9 mmol/g for 5, 10, 15, 20, and 25% CLD, respectively. Results clearly revealed that, amine content was decreased with increasing CLD since allylamine concentration was decreased with increasing CLD in polymer composition. Further, observed amine content is much lower compared to theoretical amine content. This is mainly due to amine functionality is well-buried into the polymer matrix consequently not available for titrimetric determination.
Particle size determination
Particle is also one of the important parameter which affects polymer efficiency. In reality, number of factors such as polymerization method, stirring speed, and type of porogens (solvating/nonsolvating) are the major factors which attributes to the particle size of synthesized polymer. Indeed, suspension polymerization is able to provide the particle size in the range of 10-200 μm. In the present work, poly(allylamine-co-divinylbenzene) beads having 5 to 25% CLD were obtained by suspension polymerization using a cyclohexanol porogen. The particle size of the base polymer was 32.07 and 17.36 µm for 5 and 25% CLD, respectively. However, particle size was slightly increased for polymer modified AlCl 3 (34.15 and 18.11 µm) and HgCl 2 (32.47 and 20.10 µm) for 5 and 25% CLD, respectively. Results demonstrated that, particle size was slightly attenuated with increasing CLD [36] due to highly crosslinked polymers may have the compact binding between monomer and crosslinker. Further, polymer modified Lewis acid showed the slightly higher particle size compared to base polymer perhaps due to surface modification with Lewis acid. Polymer beads obtained by suspension polymerization have the particle size in the range 15-35 μm. The average particle sizes of base and PSLAs are illustrated in 
Differential thermogravimetric analysis
Nowadays, Lewis acids have potentially used in different organic reactions (alkylation, acylation, and so on) [37,38]. In the past, Lewis acids were not only used at room temperature but in high temperature reactions also. As a result, study of degradation temperature of poly(AA-co-DVB) is an essential. Differential thermogravimetric analysis was carried out in a nitrogen overlay by a simultaneous thermal analysis (STA, Perkin Elmer). Results clearly revealed that, degradation temperature (T max ) Obviously, use of polymer below glass transition (T g ) temperature attributes for better polymer efficiency. Polymer used at or above T g can make interaction with reactant or reaction medium and interfere with product purity. As a result, the use of polymer below T g offers an extra pure product in solid-phase synthesis. DSC curves of base and PSLAs are represented in Figure 5 . 
Surface morphology
Scanning electron microscopy (SEM) is a powerful tool to observe surface morphology and porosity of polymer microbeads. Porous polymer could be used in organic synthesis, functional group transformation, and biomedical fields [42, 43] . SEM images of base polymer and PSLAs were scanned for 5 and 25% CLD. The polymer beads were mounted on copper grid and placed below electron beam to observe the surface morphology of beaded microsphere. Rigid morphological structures of polymers were observed before and after modification with catalyst. Interestingly, difference in surface morphology of base and PSLAs were observed which revealed the successful modification of polymer. Base polymers and PSLAs were demonstrated the porous properties [44,45] which significantly improves the efficiency of PSLAs. This porosity of polymer is mainly due to the use of non-solvating porogen during polymer synthesis. SEM images of base and PSLAs at 2500X magnification is represented in Figure 6. 
Energy dispersive X-ray analysis
Energy dispersive X-ray (EDX) spectroscopy is a well-known tool to evaluate the qualitative and quantitative elemental composition in polymer matrix. In the present study, EDX analysis of base polymer and PSLAs were evaluated by a Quanta 200-3D, dual beam ESEM microscope with thermionic emission tungsten filament as an electron source. The base polymer showed that, polymer contains carbon and nitrogen only whereas PSLAs demonstrated the presence of aluminium and mercury in their respective polymers along with carbon and nitrogen. It was observed that, loading of aluminium and mercury was 5.2 and 2.9 at% for 5% CLD polymer which were significantly attenuated to 3 and 1 at% for 25% CLD of polymer, respectively. Hydrogen in the polymer matrix is not detected due to instrument
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Year 2016 | Volume 4 | Issue 1 | Page [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] limitation. Result demonstrated the higher concentration of aluminium and mercury metal for 5% CLD which was attenuated for higher CLD polymer. Polymer modification is greater for lower crosslink polymer mainly because of more reactivity of polymer at low CLD. EDX analysis (at%) of base and PSLAs at different CLD is represented in Figure 7. 
CONCLUSIONS
Hydrophobic polymer-supported Lewis acid was obtained as a heterogeneous catalyst for anhydrous reactions. High Lewis acid loading was observed due to reactive amine based polymer. Moreover, Lewis acid leakage problem was possibly solved since highly reactive primary amine functionality strongly binds Lewis acid; consequently, polymer promises for more turn over number. Trace amount of moisture can deactivate the Lewis acid which was avoided by incorporating hydrophobic crosslinker into the beaded polymer. Average particle sizes of base and polymer modified Lewis acid were in the range of 15-35 μm. Moreover, differential thermal analysis of polymer modified Lewis acid demonstrated that, degradation temperature is in the range of 440-450 o C. Differential scanning calorimetry showed that, base polymer has safe temperature at or below 400 o C whereas safe temperature was attenuated to 240 o C or below for PSLAs. Acid content illustrated the polymer reactivity. Low CLD polymer has more reactivity than higher crosslink polymer. Notably, high Lewis acid loading was observed with low crosslinked polymer compared to high crosslinked polymer. Obviously, a polymer obtained in the present work not only promises to support the Lewis acid but could be used as a support for various catalyst, reagent, substrate, or scavenger.
